Predator-prey models are useful and often used in the environmental science field because they allow researchers to both observe the dynamics of animal populations and make predictions as to how they will develop over time. The objective of this project was to create five projections of animal populations based on a simple predator-prey model and explore the trends visible. Each case began with a set of initial conditions that produced different outcomes for the function of the population of rabbits and foxes over an 80 year time span. Using Euler's method, an Excel spreadsheet was developed to produce the values for the population of rabbits and foxes over the span of 80 years.
PROBLEM STATEMENT
Predator-prey models are used by scientists to predict or explain trends in animal populations. The goal of this project is to explore the behavior of a simple model. Consider a population of foxes, the predator, and rabbits, the prey. Let refer to the number of foxes at any time and refer to the number of rabbits. A simple predator-prey model assumes:
 Prey birth rate is proportional to the size of the population.
 Prey death rate is proportional to the size of both the predator and prey populations.
 Predator birth rate is proportional to the sizes of both the predator and prey populations.
 Predator death rate is proportional to the size of the predator population.
Using the population balance equation:
Rate of Change of a Population = Birth Rate -Death Rate the following model can then be derived: where the 's and 's are constants obtained from field data. Since these are first order differential equations, they require one initial condition each. These initial conditions will be that the rabbit and fox populations and at time zero. Here we take the constants to have these values: a) Are there any values for and that will lead to a totally stable set of populations? 
MOTIVATION
Predator-prey models are popular in the environmental industry due to their ability to mathematically predict animal populations as well as explain trends that can be observed in species population and density. This mapping out of populations is greatly beneficial because it allows for scientists to track ecosystems and biodiversity. By observing the stability of a predator-prey relationship over time one can measure the strength and stability of the ecosystem itself. Having the knowledge on the way an ecosystem functions, one can then observe the affects and changes the human population has on the ecosystems survival. Numerous predatorprey models exist that vary in complexity and structure. Models can also be specialized to particular regions and populations to ensure accuracy. One particular method, known as Euler's method, incrementally approximates the solution to two differential equations using first order
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derivatives starting from initial conditions. The increments we use are small to insure high accuracy. Altering the initial conditions offers several outlines of population trends over years. We can then take this data and draw conclusions as to the patterns and trends of each particular population scenario.
MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH
Euler's method is a first order numerical procedure for approximating differential equations
given an initial value. In this method the exact solution is unknown but the first order derivatives are known. In this case,
( 2) R and F are the number of rabbit and foxes, which are present at any given time t. The and values, are constants obtained from field data. Here we were given the values of these constants as listed below:
We first explore if there are initial population values which lead to stable populations of both rabbits and foxes. This is determined by setting both equations (1) and (2) equal to zero and solving for the values of R and F, because a stable population will have a constant rate of change, i.e., and , which is equal to zero. This means
and .
Note both equations are satisfied when either and or and . Since the first solution is trivial, we will focus on the second solution.
We now turn our attention to constructing an Excel spreadsheet to use the first order
Euler's method to solve the two differential equations. The Euler method provides values of future rabbit population values by taking the previous population value and adding the previous value multiplied by a small value of ; the same is done for the values of . This is shown as
. (7) First, the initial values of and for each particular case were put in the tables. Then, equations (6) and (7) were used to generate new values. Next, the new values of and were computed using equations (1) and (2). Once all the values were computed for each case, the values for and were plotted against the values for time. See the Appendix for the resulting graphs.
DISCUSSION
The objective of this project was to create five projections of animal populations based on a simple predator-prey model and explore the trends visible. Each case began with a different set of initial conditions that in turn dictated how the populations changed over time. See Table 1 for a list of the cases and the Appendix for the graphs corresponding to each case.
In case 1, we started with a rabbit population, prey, of 100 and a predator population, foxes, of 1000. As can be seen from figure 1 the change in population is periodic for this case.
The rabbit population can be seen to be related to the fox population, as it grows one can predict to see an increase in the fox population will follow. This trend seems plausible since the population of foxes in the first order differential is dependent on the population of its food source, the rabbits. It is also seen that the rabbit population depends on that of the fox. The cycle begins with a decline in the fox population. This decline continues until the fox population is drastically low and correlates with an increase in the rabbit population. From the graph this rise and fall of populations seems to occur in thirty year increments and the populations values look to be near equal at values near 1250 members per population.
In case 2, we started with a rabbit population of 1000 and a fox population of 100. Figure   2 shows that this model also provides a periodic population density where a decline in prey correlates with decline in predator. This cycle however occurs in shorter twenty year increments. Figure 2 shows an initially high population of rabbits that declines as the fox population increases. The relative maximums in the fox population on this graph are also the points of intersection between the two population functions. This point of intersection seems to increase over time, beginning at approximately 600 and increasing by about 50 members each cycle.
In case 3, we started with an initial rabbit population of 520 and a fox population of 180. These conclusions are all contingent upon several assumption made at the beginning of the experiment. We assume that the parameters under which we made our differential equations for the rabbit and fox populations were correct and necessary. This is pivotal because we must be able to state that the equations that we base or experiment on are correct and apply properly to this situation. The other assumption is that our value of is small enough to work using the 
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